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57 ABSTRACT 
A process and device are provided for non-impact 
printing with liquid ink, in which ink dots of con 
trolled size are printed at high speed on paper sheet or 
strip in accordance with desired printing patterns cor 
responding to printing control signals delivered by a 
data source. Electrically conductive ink is retained by 
capillary action in a plurality of uniform perforations 
in an electrically conductive ink-carrier provided with 
an ink-repelling layer. To provide selective ink trans 
fer onto the paper, the ink-carrier is maintained at a 
given constant potential and the paper sheet is placed 
between said ink-repelling layer and an array of elec 
trodes which are selectively aligned with perforations 
of the ink-carrier and receive said printing control sig 
nals in the form of voltage pulses of given amplitude 
and short duration. A localized electric field of con 
trolled intensity and duration is thereby momentarily 
created between each selected electrode and the ink 
contained in the perforation in alignment therewith, so 
as to provide rapid attraction of the ink surface to 
wards the paper for contact therewith. The amount of 
ink transferred onto the paper during contact may be 
controlled to provide ink dots of given size by suitable 
adjustment of the amplitude and duration of the volt 
age pulses, as well as adjustment of the distance be 
tween the paper and the ink at rest in each perfora 
tion. 

8 Claims, 12 Drawing Figures 
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1. 

PROCESS AND DEVICE FOR NON-IMPACT 
PRINTING WITH LIQUID INK 
FIELD OF THE INVENTION 

This invention relates to non-impact printing with liq 
uid ink and in particular to producing printing patterns 
by selectively attracting ink onto a conventional sheet 
like printing medium of ordinary paper or the like, 
whereby to form ink dots thereon in accordance with 
these patterns. 
The invention may be used for the transcription, in 

printed form, of information received in the form of 
electric signals from any external data source, whereby 
to provide, for example, printed texts or curves corre 
sponding to the information output of computers, elec 
tronic table calculators, measuring instruments, tele 
graph or teletype receivers, and of apparatus for the 

2 
A printing device has also been proposed wherein an 

electrically insulating printing ink is retained in an elec 
trically insulating, cylindrical screen. The device fur 
ther comprises means for negatively charging the ink 
according to an electrostatic pattern and a positively 
charged drum for bringing a printing medium into 
contact with the screen to allow ink transfer onto the 
medium in accordance with the electrostatic pattern, 

10 

15 

transmission of images, for facsimile printing or the 
like. 

BACKGROUND OF THE INVENTION 
There are several known non-impact printers which 

20 

are based on the common principle of selectively de 
positing stationary electric charges on the surface of a 
dielectric supporting medium in accordance with de 
sired printing patterns, whereby to form a latent elec 
trostatic image thereof, this image then being used to 
transfer ink by electrostatic attraction thereof from an 
ink carrying member onto a printing medium such as 
ordinary paper or the like. However, these two distinct 
steps of image formation and ink transfer present cer 
tain limitations with regard to high-speed printing with 
high resolution. 
Thus, for example, the formation of a satisfactory la 

tent image at high speed necessitates the use of intri 
cate measures for ensuring precisely localized deposi 
tion of electric charges on the image supporting me 
dium and for preventing any migration and hence dissi 
pation of the charges in the medium. Moreover, subse 
quent transfer of ink to the printing medium, by means 
of the said image, requires precise positioning of the 
printing medium with respect to the latent image. 
Hence, while such two-step printing as described 
above, which involves image formation on the one 
hand and ink transfer on the other, may be suitable for 
certain applications, it has certain intrinsic limitations 
with regard to the nature and quality of the printing 
patterns which may be obtained thereby when printing 
at high speed. 
In order to obviate some of these limitations, a print 

ing process has been proposed, wherein said dielectric 
supporting medium for the latent image consists of a 
porous band on which the latent image is produced on 
one side and ink is deposited on the opposite side, 
whereby to cause attraction of the ink through the 
pores of the band by means of the electrostatic charges 
of the image. An ink pattern is thus formed for subse 
quent transfer onto a paper sheet or the like by contact 
thereof with said ink image. The dielectric supporting 
medium thus simultaneously constituts a latent image 
support and an inking member. However, printing in 
volves three consecutive steps, namely image forma 
tion, ink attraction to the surface, and ink transfer to 
the paper by contact printing. Such a process has sev 
eral limitations, in particular with regard to the control 
of selective ink transfer at high speed. 
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by electrostatic force between the negatively charged 
ink and the positively charged drum. However, with 
such an arrangement, it is difficult to produce a very 
precise electrostatic pattern by selectively charging the 
ink and to ensure precise control of ink transfer only 
from individual selected points in the screen and also 
to ensure that no arbitrary transfer of ink can occur 
when the screen and the medium are in contact. 

In a proposed variant of this device, the ink retained 
in the insulating screen is uniformly positively charged 
and the device comprises means for negatively charg 
ing the printing medium according to an electrostatic 
pattern, as well as means for moving the medium into 
contact with the screen to transfer the positively 
charged ink onto the medium in accordance with the 
electrostatic pattern, by the electrostatic force between 
the ink and the medium. However, the above 
mentioned problems of ensuring precise control of ink 
transfer and of preventing arbitrary ink transfer never 
theless remain the same in this variant. 
A principal object of the invention is to allow high 

speed non-impact printing with liquid ink while largely 
obviating the above-mentioned drawbacks and limita 
tions. 
Another object of the invention is to allow controlled 

attraction of the ink so as to provide high speed ink 
transfer for printing ink dots of predetermined size. 
A further object of the invention is to rapidly pro 

duce printed patterns having high-resolution by print 
ing ink dots with high definition, the size whereof may 
be varied within certain limits, while using the same 
printing system. 
Another object of the invention is to provide high 

quality facsimile printing in such a manner as to print 
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dots of different size, whereby to provide a progressive 
tonal range in the printed image. 

Still another object of the invention is to provide 
means for completely eliminating any uncontrolled ink 
transfer during printing. 

SUMMARY OF THE INVENTION 

The present invention provides a method of non 
impact printing with a liquid ink on a sheet-like dielec 
tric printing medium consisting of ordinary paper or 
the like, by producing ink dots thereon in accordance 
with printing signals corresponding to a desired print 
ing pattern, said method comprising the steps of: 
placing said printing medium between an electrically 

conductive, perforated ink-carrying member and at 
least one electrode, said member having an electrically 
conductive ink retained therein in a plurality of capil 
lary perforations of same size traversing said member, 
said member further being provided with a correspond 
ingly perforated ink-repelling layer arranged to face 
one surface of said printing medium and said electrode 
being arranged adjacent to the opposite surface thereof 
and being selectively aligned with one of said capillary 
perforations; 



3 
maintaining said ink-carrying member at a constant 

potential; and 
applying to said electrode a voltage pulse of given 

amplitude and short duration, corresponding to one of 
said printing signals, so as to momentarily create a lo 
calized electric field of predetermined intensity extend 
ing between said electrode and the ink-carrying mem 
ber, whereby to provide selective attraction of ink from 
the said one perforation aligned said electrode and to 
thereby print an ink dot of predetermined size on said 
one surface of the printing medium. 
The invention further provides a device for printing 

with liquid ink on a sheet-like dielectric printing me 
dium, by producing ink dots thereon in accordance 
with printing signals corresponding to a desired print 
ing pattern, said device comprising: 
a perforated, electrically conductive ink-carrying 

member having a correspondingly perforated ink 
repelling layer arranged on one side thereof, with a plu 
rality of capillary perforations of same size traversing 
said member, said perforations having an electrically 
conductive ink retained therein by capillary action; 
means for maintaining said ink-carrying member at a 

constant predetermined potential; 
a printing head comprising at least one electrode hav 

ing a size such as to allow selective arrangement 
thereof opposite no more than one of said capillary per 
forations at a time; 
guide means adapted to allow relative arrangement 

of said ink-carrying member adjacent to said printing 
head, with said printing medium placed therebetween, 
so that one surface of the medium is arranged facing 
said ink-repelling layer and that said electrode is ar 
ranged adjacent to the opposite surface of said medium 
and in alignment with one of said perforations; 
means for delivering said printing signals to the print 

ing head, in the form of brief voltage pulses of predeter 
mined amplitude and duration, so as to momentarily 
create a localized electric field of predetermined inten 
sity extending between said electrode receiving said 
pulse and said ink-carrying member, to thereby provide 
selective ink transfer from the said selected perforation 
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and to thereby print an ink dot of predetermined size 
due to said ink transfer onto said medium. 
Various aspects of the invention and the particular 

significance of the combination of the features thereof 
appear in the following description, with reference to 
the accompanying drawings. 

DESCRIPTION OF THE DRAWINGS 
FIG. 1 shows in elevation the general lay-out of a 

printer according to an embodiment of the invention. 

FIG. 2 is a sectional plan-view along II-II of FIG. 1, 
with partial removal of the inking member. 
FIG. 3 is a sectional side-view along III-III of FIG. 

1. 

printer shown in FIG. 1, respectively before and during 
ink attraction. 
FIGS. 5 to 11 represent experimental curves showing 

the interrelationship of various parameters relevant to 
printing according to the invention. 

SPECIFICDESCRIPTION 
In the general lay-out shown by way of example in 

FIG. 1, the printer according to this embodiment com 

FIGS. 4a and 4b illustrate the printing zone of the 
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4 
prises an inking member in the form of a perforated 
inking ribbon 1 forming an endless loopmounted for 
movement thereof around three pairs of rollers 2a, 2b, 
3a, 3b, and 4a, 4b past a stationary printing head 5, a 
printing medium in the form of a paper strip 6 being ar 
ranged between the said ribbon and printing head. 
As may be seen in FIGS. 2 and 3, the said rollers are 

mounted within the closed loop formed by the inking 
ribbon 1 so as to guide the latter along its lateral edges, 
the rollers of each said pair being respectively mounted 
on a common shaft 7,8 and 9, The rollers 3a, 3b consti 
tute drive rollers having their common shaft 8 opera 
tively connected to a drive system 10, while the rollers 
2a, 2b and 4a, 4b constitute guide rollers which are 
mounted for free rotation on their respective common 
shafts 7 and 9. These guide and drive rollers consist of 
narrow drums, the roller pair 4a, 4b, at least, being 
made of metallic material to provide connection 
thereof to earth, via their shaft 9, as shown schemati 
cally in FIG. 1. 
The inking ribbon 1 thus arranged for displacement 

in the direction of the arrows shown in FIG. 1, com 
prises a plurality of closely spaced capillary perfora 
tions 11 which are uniformly arranged in transversal 
and longitudinal rows and extend across the ribbon, in 
the zone thereof lying between the said rollers. The 
structure of the inking ribbon is shown in enlarged 
cross-section in FIG. 4 and will be further described in 
greater detail with reference to this figure. 
The printer is further equipped with ink-feed means 

12, shown schematically by a spray-head, whereby ink 
is distributed on the inner surface of the endless inking 
ribbon 1 and is drawn into the perforations 11 by capil 
lary action, a doctor blade 13 further being provided 
adjacent to said surface to promote introduction of the 
ink into the inking ribbon 1 and to scrape off surplus 
ink from the inner surface thereof. 
The strip of printing paper 6 is drawn off a supply roll 

14 onto a receiving roll 15 having the shaft thereof also 
operatively connected to the drive system 10 so as to 
provide synchronized movement of the ribbon 1 and 
the paper strip 6 past the printing head 5. 
The printing head 5 comprises a block 16 of insulat 

ing material having a curved upper surface which 
serves as a guide surface for exactly positioning the 
paper strip with respect to the inking ribbon 1 during 
passage thereof through the printing zone which is situ 
ated in the median plane of the printing head. 
The printing head 5 moreover comprises a transverse 

linear array of seven electrodes 17 embedded in the in 
sulating block 16 to extend vertically in said median 
plane thereof up to the said upper curved surface and 
to provide contact of the electrodes 17 with the paper 
strip 6 during passage thereof over the block 16. 
The seven electrodes 17 are each associated with one 

of the longitudinal rows of perforations 11 and form a 
row extending transversely to the direction of move 
ment of the ribbon 1, these electrodes being so ar 
ranged that the perforations of each longitudinal row of 
perforations are made to move past the electrode asso 
ciated therewith. 
A pulse generating means 18 is further connected to 

the electrodes of the printing head 5 and is adapted to 
deliver to each of the electrodes 17, printing signals S. 
corresponding to a desired printing pattern, said signals 
being in the form of voltage pulses of given amplitude 



5 
and short duration to provide controlled printing of ink 
dots as is explained further on. 
The drive system 10 is operatively associated with the 

inking ribbon and the paper strip so that both are made 
to move past the printing head in synchronism with 
each other so that the transverse rows of seven perfora 
tions 11 are brought successively into alignment with 
the respective electrodes 17, as is shown in FIG. 3. 
The drive system 10 may comprise any suitable drive 

means, such as an electric motor equipped with trans 
mission means for example a toothed belt and gear sys 
tem. 

This motor may be either a constant-speed motor for 
providing continuous movement of the inking ribbon 1 
and the paper strip 6, both at the same speed, or else 
a stepping motor for providing synchronized step-by 
step movement wherein the inking ribbon 1 and the 
paper strip are stationary between consecutive steps 
thereof to allow ink transfer. 
Since various drive systems for precise displacement 

of ribbons at high speed are well known in the printing 
field, among other fields, and the particular structure 
and arrangement thereof may thus be quite conven 
tional, the drive system has merely been illustrated 
schematically by the block 10 and will not be described 
in further detail. 
The pulse generating means 18 may likewise com 

prise any circuit of conventional design capable of se 
lectively delivering to each of the electrodes 17 of the 
printing head a series of printing signals S in the form 
of voltage pulses of controlled amplitude and duration, 
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said signals being delivered in accordance with data 
corresponding to a desired printing program. This data 
may be received from any outside programming means, 
for example a computer. Since the pulse generating 
means 18 may have any conventional design and need 
not constitute a part of the printing apparatus proper 
but may readily be a part of the printer programming 
means, it has been illustrated by the block 18 and will 
not be described in detail. 
The structure of the inking ribbon 1 and its relative 

arrangement with respect to the paper strip 6 and to the 
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printing head 5 are shown in enlarged cross-section in 
FIGS. 4a and 4b, which respectively show an enlarged 
cross-sectional view of the printing zone before and 
during the printing step. The inking ribbon 1 consists 
of a perforated metallic ink-carrying ribbon 1A pro 
vided with a correspondingly perforated ink-repelling 
layer 1B arranged thereon, on the outer side of the end 
less loop formed by the inking ribbon 1. The perfora 
tions 11 contain an electrically conductive printing ink 

45 

50 

which is maintained therein by capillary action as is in 
dicated very schematically in FIG. 4a by the liquid col 
umn 20. The ink-carrying ribbon 1A must be electri 
cally conductive and may be made, for example, of 
stainless steel, nickel, copper or aluminium, which is 
rendered more wettable (hydrophilic) by physical or 
chemical treatments such as are well known in the 
printing art. On the other hand, the layer 1B must be 
ink-repelling and any suitable known hydrophobic 
coating material such as tetrafluoroethylene (Teflon) 
or certain silicone compounds may be used for forming 
this layer, for example, by spraying onto the perforated 
metallic ribbon 1A. On the other hand, one may also 
envisage subjecting the conductive ribbon 1A to a sur 
face treatment, such as electrolytic polishing, so as to 
provide its surface with hydrophobic properties. How 
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6 
ever, so long as this ribbon 1A is electrically conductive 
and wettable by the ink used for printing, while the 
layer 1B is relatively non-wettable by the ink, the 
choice of the particular materials and techniques used 
for producing the perforated inking ribbon are not crit 
ical as such. 
As is shown in FIGS. 4a and 4b, the ink-repelling 

layer 1B lies between the conductive ink-carrying rib 
bon 1A and the strip 6 of printing paper and it has been 
found in practice that this provides a significant result 
with regard to the obtention of faultless printing at high 
speed. As is explained below, experimental results have 
consistently shown that ink transfer can be precisely 
controlled to provide printing of ink dots of given size 
at high speed. However, the exact action of the ink 
repelling layer 1B, in this regard, cannot be fully ex 
plained. 
Moreover, it will be readily seen that there are vari 

ous parameters which may influence behaviour of the 
ink during transfer thereof at high speed, so that corre 
lation of all these parameters is most difficult, if at all 
possible. 
The following explanation, with reference to FIGS. 5 

to 11 nevertheless shows the influence of various pa 
rameters, which has been determined experimentally 
and thus allows these parameters to be taken into ac 
count in order to achieve satisfactory control of ink 
transfer at high speed. 
FIG. 4a shows various system parameters related to 

the dimensions of the composite inking ribbon 1 and to 
its relative arrangement with respect to the printing 
medium (paper). These parameters are: 
diameter d of the perforations 11; 
thickness h of the conductive ribbon 1A; 
thickness he of the ink-repelling layer 1B; 
thickness him of the printing medium; 
spacing x between the layer 1B and the printing me 

dium (paper 6). 
FIG. 4b shows three consecutive perforations of a 

longitudinal row, with the first and third perforations, 
containing ink at equilibrium under the effect of capil 
lary action, while the ink is being attracted from the 
second perforation for transfer thereof onto the paper. 

As may also be seen from FIGS. 4a and 4b, the inking 
ribbon 1 is further provided with spacers 21 which are 
fixed to the conductive ribbon 1A, and project through 
the layer 1B so as to come into contact with the paper 
6 and thus determine the spacing x (see FIG. 4a) be 
tween the paper and the layer 1B. 
The perforations 11 of the inking ribbon 1 all have 

the same size and may either be cylindrical (constant 
diameter) or, as is indicated on the left-hand side of 
FIGS. 4a, 4b, may have a cross-section which increases 
towards the free (inner) surface of the ribbon 1A, 
where ink is supplied by the feed means 12 (see FIG. 
1). The use of such perforations with increasing cross 
section has been found to be advantageous with regard 
to the introduction of the ink and the retention thereof 
in the perforations by capillary action, the meniscus of 
the ink being formed and held at that part of the perfo 
rations having minimum diameter. It is understood that 
FIGS. 4a and 4b merely show a conceptual model, but 
experimental results indicate that the ink meniscus is 
deformed and behaves in the general manner illus 
trated very schematically in these figures. 
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Thus, when liquid ink is spread on the surface of the 
conductive ribbon 1A, it enters the perforations 11 and 
is retained therein by capillary action, substantially as 
shown in FIG. 4a. The composite inking ribbon 1 thus 
ensures ink retention within the perforations thereof 
and thereby prevents uncontrolled ink transfer. More 
over, when a voltage pulses of sufficient amplitude V 
and duration t is applied to the electrode aligned with 
one of the perforations 11 (see FIG. 4b), a localized 
electric field is momentarily produced therebetween 
and the meniscus of the ink is attracted and is thereby 
deformed axially so that it projects from the layer 1B 
for contact with the paper to provide ink transfer 
thereto, as is shown schematically in FIG. 4b. 
The degree of deformation of the ink meniscus will 

evidently depend on various parameters such as: the 
attracting potentiel (V), the perforation diameter db, 
the distance across which the meniscus must be dis 
placed for contact with the paper (he and X possibly 
tending to zero), the duration of attraction, the surface 
tension (or) and the viscosity (pu) of the ink. 
The influence of these parameters is explained below 

with reference to the experimental results shown in 
FIGS. 5 to 11. 
The curve of FIG. 5 shows (for d = 0.2 mm) the vari 

ation of the maximum air gap x (see FIG. 4a) allowing 
ink transfer onto the paper, as a function of the ink 
attracting potential V, i.e. the amplitude of the voltage 
pulse applied to the electrode, the duration t of the 
pulse being constant at 9.5 m/s. The ink-carrying rib 
bon 1A used is made of copper and has a thickness ha 
of 0.1 mm, while the ink-repelling layer 1B is made of 
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Teflon and has a thickness his of 0.05 mm. A water 
based printing ink of a commercially available type was 
used, having a surface tension or of 39 dynes/cm and a 
viscosity pu of about 1 cp. 
The areas lying under this experimental curve of FIG. 

5 thus gives all values of V and x, in the considered 
ranges thereof, which provide ink transfer. 
The three curves of FIG. 6 respectively show, for 

three ink-attracting potentials V, the variation of the 
gap size x as a function of the diameter d of the perfo 
rations 11. The ink used, as well as the materials and 
thicknesses ha and h of the inking ribbon are the same 
as indicated above with reference to FIG. 5. 
The areas lying under these three experimental 

curves of FIG. 6 thus give, in the range considered, all 
allowable values of x and d which provide ink transfer 
with the respective values of V. 
The curves of FIGS. 7 and 8 respectively show the in 

fluence of the viscosity pu, and of the surface tension of 
of the ink on the minimum potential V necessary to 
provide ink transfer. In both cases, a composite cop 
perteflon inking ribbon was used with db = 0.2 mm, ha 
= 0.1 mm and h = 0.05 mm. Moreover, the surface 
tension o is constant at 68 dynes/cm in the ink used for 
the curve of FIG. 7, while the viscosity pu of the ink is 
constant at 1 cp in the ink used for the curve of FIG. 
8. The duration t of the voltage pulses was also 9.5 ms, 
as before. 
The curves of FIGS. 5 to 8 thus allow a suitable 

choice of the amplitude V of the voltage pulses used 
to provide printing, as a function of b, c, or and u. 

It may be noted that reduction of the gap size x is ob 
viously favourable in that it allows V to be reduced, so 
that the gap may be eliminated altogether. Experiments 
have shown that no gap may be necessary, providing 
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8 
the surface tension of the ink is sufficiently high (e.g. 
50 dynes/cm, or more) and the conductive ribbon 1A 
is highly wettable by the ink, as compared to the ink 
repelling layer (1B). However, the use of a gap of small 
height of up to about 0.1 mm seems advisable for vari 
ous practical reasons, in particular when the inking 
member and the printing medium are displaced at high 
speed during printing. 

It may further be noted that the voltage pulse dura 
tion t = 9.5 ms which was used when establishing the 
experimental curves of FIGS. 5 to 8, was found to be 
much higher than the minimum "response time' neces 
sary for ink transfer. However, the minimum pulse du 
ration necessary for printing depends on various di 
mensional and operational parameters, as well as on 
the properties of the ink, and is thus difficult to deter 
mine for all cases. Experiments have nevertheless 
shown that the pulse duration t may be reduced to 4.5 
ms without substantially modifying the relationships 
shown in FIGS. 5 to 8. 
Moreover, satisfactory printing of ink dots has been 

achieved in practice with values of t as low as 0.1 - 0.2 
S. 

FIGS. 9, 10 and 11 respectively show the variation of 
the size (b of the printed ink dots, as a function of V, 
t and x, when using the same ink with of 39 dynes/cm 
and u = 1 cp. 
FIG.9 shows three curves giving dot sized as a func 

tion of V and corresponding respectively to t = 9.5, 
4.6 and 0.4 ms (for d = 0.2 and x = 0.04 mm). The 
curves of FIGS. 9 and 10 (same ribbon and ink) thus 
show that the influence of pulse duration t on dot size 
d is appreciable in the considered range. 
FIG. 11 moreover shows the influence of the gap size 

x on the dot size (bd for t = 9.5 and 0.4 ms respectively 
(for d = 0.3 mm, h = 0.1 mm, h = 0.04 mm and V. 
= 1,750 volts). This figure thus shows that the gap size 
is also a significant parameter with regard to dot size 
qba, which varies between 0.2 and 1.4 mm in the curve 
of FIG. 11. - 
The ink used for printing according to the present in 

vention must be electrically conductive, although the 
conductivity thereof is not critical and may vary over 
a broad range. Thus any ink based on a polar solvent, 
for example a water-based ink, may be used for the pur 
poses of the invention. 
The above described structure of the inking ribbon, 

the arrangement of the conductive ink-carrying ribbon 
at a short predetermined distance from the surface of 
the printing paper, and the described association 
thereof with electrodes adapted to receive the printing 
signals from a data source, in the form of well deter 
mined high-voltage pulses of short duration, for attract 
ing ink from the ribbon onto the paper, provide a par 
ticular result when combined together in the manner 
described above. 
This result may be illustrated by the following advan 

tages: 
a. the conductivity of the ink-carrying ribbon, as well 

as that of the ink, render it possible to normally main 
tain all of the ink carried by the inking ribbon at exactly 
the same potential, for example at zero potential, as de 
scribed; 

b. the ink-repelling surface layer opposes lateral 
spread of the ink outside the ink-carrying perforations, 
on the underside of the inking ribbon which faces the 
print-receiving surface of the paper, and thus tends to 
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keep the ink within the inking ribbon whereby to pre 
vent uncontrolled ink transfer in the absence of an 
electric field acting thereon, while allowing instanta 
neous deformation of the meniscus for contact thereof 
with and ink transfer to the paper, when a voltage pulse 5 
is applied to an electrode situated on the opposite side 
of the paper, in alignment with the meniscus. 
The fact that the ink dot size may be readily con 

trolled by adjusting the amplitude or duration of the 
printing signals, allows the size of each individual dot 10 
to be varied considerably, without modifying the print 
ing device. 
Thus, alphanumerical characters of different size 

may be printed, while the line thickness may be readily 
adapted to each character. 15 
Moreover, the advantages of the invention are by no 

means limited to the printing of alphanumerical char 
acters. Indeed, the possibility of readily varying the dot 
size allows intricate printing patterns to be rapidly 
printed with contours of gradually varying thickness, 20 
while ensuring high definition and resolution. 

It should be noted that the described embodiment 
has been given by way of an example and that the in 
vention may be readily carried out by other embodi 
ments wherein various components of the printer and 25 
the relative operative association thereof are substan 
tially modified with respect to those described above 
and illustrated in the drawings. 
Thus, for example, any perforated inking member 

with a similar structure may be used instead of an end- 30 
less ribbon, while the printing medium need not be a 
continuous strip or band and may consist of a sheet of 
paper or the like. 
Moreover, whereas one transversal row of electrodes 

has been shown and described, an array comprising any 3 
desired number of electrodes may obviously be used. 
Thus, for example, a linear array of 7 x 5 electrodes 
may be used for printing an alphanumerical character 
at one time, instead of in five successive steps, as illus 
trated. As a matter of fact, any number of arrays may 40 
be used for simultaneously printing several characters. 
Such multiplication of the electrodes would obviously 
allow a corresponding increase of the rate at which the 
characters are printed. 
A linear electrode array extending over the width of 45 

a paper sheet may also be used, for example, while the 
paper is moved past the array, in a direction perpendic 
ular thereto. In that case, the inking member may be a 
composite perforated band or sheet, which is either 
fixed or mobile, as the case may be. 
The inking ribbon as well as the printing medium may 

moreover be stationary, while the printing head de 
scribes a scanning movement thereof during printing. 

50 

I claim: 55 

1. A method of continuous, high speed, non-impact 
printing with liquid electrically conductive ink on a 
sheet-like conventional print medium of ordinary paper 
or the like, by printing ink dots thereon in response to 
electrical control signals corresponding to a desired 
printing pattern, said method comprising the steps of: 

60 

a. providing a perforated electrically conductive ink 
carrying foil having a correspondingly perforated is 
ink-repelling layer arranged on one side thereof . 
and a regular array of capillary perforations tra 
versing said foil and said layer, a print medium op 
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posed to said ink-repelling layer, means for devel 
oping localized electric fields extending axially to 
said capillary perforations and disposed on an op 
posite side of said print medium as said ink carrying 
foil, and means for energizing anyone or any com 
bination of said means for developing electric 
fields; 

b. introducing electrically conductive liquid ink into 
said perforated electrically conductive ink-carrying 
foil so that a small amount of said ink is retained by 
capillary force and stored within said perforations 
while forming an ink meniscus therein; 

c. positioning said foil and said print medium so that 
said ink-repelling layer is progressively placed adja 
cent to said medium and selected perforations of 
said array, each having said meniscus formed 
therein, are opposite said means for developing lo 
calized axially extending electric fields and oppo 
site to and at a short predetermined distance from 
selected surface areas of said medium which are 
intended to receive ink dots, and 

d. maintaining said foil at a uniform potential while 
subjecting any one or any combination of said ink 
menisciformed within each of said selected perfo 
rations to a localized electric field extending axially 
to said perforations by selectively energizing said 
means for developing electric fields, said field 
being momentarily produced in response to voltage 
pulses of given amplitude and short duration, the 
intensity and duration of said field bieng such as to 
ensure axial attraction of each meniscus from said 
selected perforations and controlled deformation 
of said meniscus to provide contact thereof with 
one of said selected areas of the print medium for 
a sufficient short period to produce an ink dot of 
predetermined size on said one area. 

2. In the method according to claim 1 wherein: 
a. said ink-carrying foil is a metallic ribbon having 

said ink repelling layer on one side thereof with 
said capillary perforations arranged in a plurality of 
longitudinal rows, said means for producing said 
localized electric field comprises a linear array of 
point electrodes each corresponding to the capil 
lary perforations of one of said longitudinal rows; 

b. positioning said foil and said print medium so that 
said ink-repelling layer is placed adjacent to said 
medium and selected perforations of said array are 
opposite said means for developing localized axi 
ally extending electric fields comprises aligning 
said linear array of point-electrodes with said per 
forations and placing said linear array of point 
electrodes a short distance from said perforations 
through relative movement between said metallic 
ribbon and said linear array of point-electrodes 
with said medium placed therebetween; and 

c. subjecting said ink meniscus formed within each of 
said selected perforations to a localized electric 
field comprises selectively applying control signals 
in the form of said voltage pulses to said linear 
array of point-electrodes aligned with said corre 
sponding perforations to momentarily produce said 
localized electric fields of predetermined intensity 
and duration thereby inducing said deformation of 
said meniscus to produce ink dots of predeter 
mined size disposed in a printing pattern deter 
mined by said control signals. 
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3. In the method according to claim 2 wherein the 
amplitude and duration of said voltage pulses are ad 
justed to control the size of said ink dots. 

4. In the method according to claim 1 wherein said 
print medium is maintained at a short predetermined 5 
distance from said ink repelling layer during said at 
traction of the ink meniscus for contact thereof with 
said print medium. 

5. A continuous, high speed, non-impact printer for 
producing dots with liquid electrically conductive ink 
on a sheet-like conventional print medium of ordinary 
paper or the like, in accordance with electrical control 
signals corresponding to a desired printing pattern, said 
printer comprising: 

a. an electrically conductive ink-carrying foil having 
an ink repelling layer on one side thereof and a reg-, 
ular array of capillary perforations each traversing 
said foil and said layer and each forming a reservoir 
wherein a small amount of ink is retained by capil 
lary force; 

b. inking means for applying ink to said foil for peri 
odically filling said capillary perforations therein 
with said ink; 

c. an electrode head located on the opposite side of 
said medium from said foil comprising an array of 25 
point-electrodes spaced so that an individual elec 
trode can be aligned with a single one of said perfo 
rations at a time; 

d. guide and drive means for guiding and driving said 
foil, said print medium, and said electrode head to 
produce relative movement of both said foil and 
said print medium with respect to said electrode 
head, so that opposite sides of said print medium 
are respectively arranged adjacent to said ink re 
pelling layer and to said electrodes and that said 
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perforations are thereby successively aligned with 
corresponding electrodes of said array; 

e. means for maintaining said foil and the ink re 
tained therein at a predetermined, uniform electri 
cal potential; . 

f. means for selectively delivering control signals to 
any one or any combination of said electrodes, in 
the form of brief voltage pulses of predetermined 
amplitude and duration to momentarily develop an 
electric field of predetermined intensity extending 
between each electrode receiving one of said volt 
age pulses and a perforation aligned therewith so 
that said field causes controlled deformation and 
axial attraction of an ink meniscus from said perfo 
ration for contact thereof with a pre-selected area 
of said print medium thereby transferring ink to 
said area to form an ink dot of predetermined size 
thereon. 

6. A printer according to claim 5 wherein said ink 
carrying foil comprises a metallic ribbon having said 
ink repelling layer on one side thereof with said capil 
lary perforations traversing said ribbon and said layer 
in a plurality of longitudinal rows, each row having at 
least one of said electrodes associated therewith for 
successive alignment of said one electrode with the per 
forations of one of said longitudinal rows. 

7. A printer according to claim 5, wherein said ink 
carrying foil includes spacing members projecting from 
said ink repelling layer for contact with one surface of 
said print medium. 

8. A printer according to claim 5, wherein said capil 
lary perforations have a cross-section which increases 
between said ink repelling layer and the opposite side 
of said ink-carrying foil. 
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